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1. Introduction 
 
Transport is a general set of measures, and operations related 
to the deliberate movement of cargo. Carriage of cargo is carried 
by various modes of transport such as: 
x railway, 
x car, 
x marine, 
x inland waterways, 
x by air, 
x transmission in the form of conveyors, pipelines, cablecars, 
etc. [1,2]. 
Normal operation of the manufacturing plant is possible only 
by  the  smooth  and  uninterrupted  functioning  of  the  transport 
industry,  the  supply  of  subtractive  raw  materials,  shipping 
finished goods, disposal of waste produced during manufacturing 
processes.  Transportation  provides  a  key  element  of  the 
production  links  between  the  production  units.  It  is  a  kind  of 
component one of the initial phases of production, and in some 
sense  the  end  of  the  production  process,  which  is  to  transport 
finished products to the place of receipt. Of particular importance 
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and  the  body-side  load  rail  level  in  the  transverse  direction 
(expanding type) inside door. 
x  Unloading the wagon on a tipping. During the test, unloading 
takes place measuring and registering of stress increments in the 
most strenuous parts of the box, (mainly in the sidewall and 
chassis) from the launch of the tipping of the wagon until the 
return to the starting position. Double-unloading test is carried 
out openings strength 25 kN. 
 
 
3. Basic steps for motion simulation 
 
At the stage of development of the submission of individual 
components,  particular  emphasis  is  given  to  reflect  the  actual 
calls.  All  of  the  bonds  initially  fully  reflect  the  relationships 
between  components,  but  solver  was  not  able  to  calculate 
correctly  all  the  steps  in  the  simulation.  Therefore  it  was 
necessary to carry out the optimization constraints. 
Initially, four components are defined as links (box, carriage, 
bearing socket, wheelset), and then was given a spherical joint 
between the box and carriage, revolute joint between the wheelset 
and  socket  bearings.  Subsequently  the  relationship  connectors: 
spring  between  the  box  and  carriage,  and  between  the  bearing 
socket and carriage.  Connection 3D contact was defined between 
the  socket  and  bearing  carriage  in  the  order  to  simulate  the 
friction between these components (Fig. 5).  
Schema of other types of bonds were presented in a Table 1. 
Schema shown in Figure 4 unfortunately not allowed to carry out 
a proper analysis. However, modifying the number of links and 
the  type  and  number  of  constraints  it  was  possible  to  conduct 
simulations  of  the  behavior  of  the  fundamental  physical 
dependence. 
 
 
 
 
Fig. 5. Referential diagram: 1 - link box, 2 - link carriage, 3 - link 
socket bearings, 4 - link wheel set, 5 - joint spherical, 6 - joint 
revolute, 7 - connector spring 
Table 1. 
Other types of conferred relationships 
Type 2 
Relation  Element  No.  Additional information 
Link 
Box 
Carriage 
Socket 
bearing 
Wheelset 
1 
2 
4 
8 
 
Joint  spherical 
revolute 
2 
4 
Box-carriage 
Wheelset-socket 
bearing 
Connector 
spring 
spring 
3D Contact 
4 
16 
8 
Box-carriage 
Wheelset-socket 
bearing 
Wheelset-socket 
bearing 
Type 3 
Relation  Element  No.  Additional information 
Link 
Box 
Carriage 
Socket 
bearing 
Wheelset 
1 
2 
2 
8 
 
Joint  spherical 
revolute 
2 
4 
Box-carriage 
Wheelset-socket 
bearing 
Connector 
spring 
spring 
3D Contact 
4 
16 
8 
Box-carriage 
Wheelset-socket 
bearing 
Wheelset-socket 
bearing 
Type 4 
Relation  Element  No.  Additional information 
Link 
Box 
Socket 
bearing 
Wheelset 
1 
2 
8 
̛ 
Joint  revolute  8  Wheelset-socket 
bearing 
Connector  spring  4  Box-carriage 
Type 5 
Relation  Element  No.  Additional information 
Link 
Box 
Carriage 
Socket 
bearing 
Wheelset 
1 
2 
2 
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Joint  revolute 
revolute 
2 
4 
Box-carriage 
Wheelset-socket 
bearing 
Connector  spring 
3D Contact 
16 
8 
Wheelset-socket 
bearing 
Wheelset-socket 
bearing 
 
The next step in the preparation of the simulation was to create 
a model of track. Due to the limitations concerning the maximum 
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and  the  body-side  load  rail  level  in  the  transverse  direction 
(expanding type) inside door. 
x  Unloading the wagon on a tipping. During the test, unloading 
takes place measuring and registering of stress increments in the 
most strenuous parts of the box, (mainly in the sidewall and 
chassis) from the launch of the tipping of the wagon until the 
return to the starting position. Double-unloading test is carried 
out openings strength 25 kN. 
 
 
3. Basic steps for motion simulation 
 
At the stage of development of the submission of individual 
components,  particular  emphasis  is  given  to  reflect  the  actual 
calls.  All  of  the  bonds  initially  fully  reflect  the  relationships 
between  components,  but  solver  was  not  able  to  calculate 
correctly  all  the  steps  in  the  simulation.  Therefore  it  was 
necessary to carry out the optimization constraints. 
Initially, four components are defined as links (box, carriage, 
bearing socket, wheelset), and then was given a spherical joint 
between the box and carriage, revolute joint between the wheelset 
and  socket  bearings.  Subsequently  the  relationship  connectors: 
spring  between  the  box  and  carriage,  and  between  the  bearing 
socket and carriage.  Connection 3D contact was defined between 
the  socket  and  bearing  carriage  in  the  order  to  simulate  the 
friction between these components (Fig. 5).  
Schema of other types of bonds were presented in a Table 1. 
Schema shown in Figure 4 unfortunately not allowed to carry out 
a proper analysis. However, modifying the number of links and 
the  type  and  number  of  constraints  it  was  possible  to  conduct 
simulations  of  the  behavior  of  the  fundamental  physical 
dependence. 
 
 
 
 
Fig. 5. Referential diagram: 1 - link box, 2 - link carriage, 3 - link 
socket bearings, 4 - link wheel set, 5 - joint spherical, 6 - joint 
revolute, 7 - connector spring 
Table 1. 
Other types of conferred relationships 
Type 2 
Relation  Element  No.  Additional information 
Link 
Box 
Carriage 
Socket 
bearing 
Wheelset 
1 
2 
4 
8 
 
Joint  spherical 
revolute 
2 
4 
Box-carriage 
Wheelset-socket 
bearing 
Connector 
spring 
spring 
3D Contact 
4 
16 
8 
Box-carriage 
Wheelset-socket 
bearing 
Wheelset-socket 
bearing 
Type 3 
Relation  Element  No.  Additional information 
Link 
Box 
Carriage 
Socket 
bearing 
Wheelset 
1 
2 
2 
8 
 
Joint  spherical 
revolute 
2 
4 
Box-carriage 
Wheelset-socket 
bearing 
Connector 
spring 
spring 
3D Contact 
4 
16 
8 
Box-carriage 
Wheelset-socket 
bearing 
Wheelset-socket 
bearing 
Type 4 
Relation  Element  No.  Additional information 
Link 
Box 
Socket 
bearing 
Wheelset 
1 
2 
8 
̛ 
Joint  revolute  8  Wheelset-socket 
bearing 
Connector  spring  4  Box-carriage 
Type 5 
Relation  Element  No.  Additional information 
Link 
Box 
Carriage 
Socket 
bearing 
Wheelset 
1 
2 
2 
8 
 
Joint  revolute 
revolute 
2 
4 
Box-carriage 
Wheelset-socket 
bearing 
Connector  spring 
3D Contact 
16 
8 
Wheelset-socket 
bearing 
Wheelset-socket 
bearing 
 
The next step in the preparation of the simulation was to create 
a model of track. Due to the limitations concerning the maximum 
5 
1
7 
2
3
4
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